.
1 H (600 MHz) and 13 
In-stream bioassay
Details of the experimental procedure used at the study site (Fig. 1a) were slightly modified from those described (1). Details of our passive integrated transponder (PIT) tagging procedure are also described (2) . Briefly, our field site forms a natural "Y" shaped section of stream, which we show in Fig.  1a . PIT tags were surgically implanted into test subjects, which were then held in laboratory tanks for up to 24 h until stocked into release cages at the study site. Typically two trials were conducted each night (roughly 2030-2300 h and 2330-0200 h; the first trial started at sundown). For each trial, a treatment odorant was pumped in one sub-channel in the naturally "Y" shaped site, while vehicle (50% MeOH) was pumped simultaneously in the adjacent sub-channel. Treatments were administered into the stream for 30 min before the group of 20 or 30 test subjects were released from the cage. Subjects were then allowed to move upstream through the PIT antenna array for 2 h while treatments were still pumping. In our previous work, we showed that this distance of 200 m allows test subjects to reach the upstream confluence of the natural "Y" shaped stream within the 2 hr pumping time (1). Subjects were never recovered after release or reused in any other treatments. Only female sea lampreys were allowed to be released at the field site due to this site being upstream of a sea lamprey control weir that prevents natural migration and reproduction.
Details of treatments and concentrations applied for behavioral tests are described in Table 1 and  Supplementary Table S1 . Treatment and vehicle sub-channels were alternated with each trial. Stream temperatures were recorded at the start and end of each trial. Stream discharge was estimated every three days or after every precipitation event using a Marsh-McBirney portable flow meter (Flo-Mate 2000, Frederick, Maryland, U.S.A.).
Analysis of behavioral data
Response variables examined were: (1) distribution of subjects that swam upstream from release cages to reach the confluence of the two sub-channels (and did not move back down), and (2) distribution of subjects that swam upstream and that entered the sub-channel containing the stimuli treatment.
Data were analyzed according to responses of individual test subject. Analyses of sea lamprey behaviors in streams often consider individual sea lamprey adult behavior independently of each other based on previous studies in migratory sea lamprey(3) that clearly indicate that sea lamprey do not show social behavior (e.g., shoaling) during stream entry. Moreover, sexual mature females behave independently in search for mature males (4).
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Each response variable was examined with logistic regression with a binomial distribution (1 = enter stimuli treatment, 0 = avoid stimuli treatment; α = 0.05; R version 2.11.1, Vienna, Austria). No signs of nonlinearities or over-dispersion were observed. Test subjects were released in groups (20 or 30 per Trial) due to short migratory seasons, but analyzed as individual responses in our generalized linear modelswhich also account for number of trials for each treatment (1, 5). Response of each test subject is fitted to a binomial distribution within 'Treatment' and 'Trial.' As an example, the response 'Selection of treatment channel' in Table 1 and Table S1 is either a 0 (a test subject swam upstream from the release cage and chose the blank "vehicle" channel) or a 1 (test subject swam upstream from the release cage and chose the side with the "Treatment"). Released in a group of 20-30 individuals into the field test site, have been show that each individual behavior independently (1, 4). We then build a generalized linear model to examine whether "Choice" is explained by "Treatment." After observing no signs of overdispersion, we tested the overall significance of the logistic regression model (across treatments) for each response variable. This is achieved through ANOVA to test the significance of each coefficient, and the [test="Chi"] option in ANOVA for the significance of the overall model: e.g. anova (ChoiceGLM, test="Chi"). In this test, our model accounts for number of trials, and number of individuals, for each Treatment. We show the total number of trials for each treatment in Table 1 and Table S1 to indicate that sufficient replication of trials was achieved (1, 5).
Electro-olfactogram recording (EOG)
The details of EOG measurements have been described (6) . Briefly, sea lamprey were anesthetized with MS222 (tricaine methanesulfonate; Sigma-Aldrich, St. Louis, Missouri, USA; 200 mg/L) and secured in a V-shaped Plexiglas ® stand with their gills irrigated with aerated water containing MS222 (100 mg/L). The olfactory epithelia were exposed and their extracellular potential recorded with Ag/AgCl electrodes in response to pulses of stimuli (applied for 4 s). The electric olfactory signal was amplified, filtered, digitized, and stored on a computer running Axoscope software for further analysis. The magnitude of olfactory responses to stimulants is highly variable among individuals. Typically, EOG amplitudes are normalized as the ratio: EOG amplitude response to a specific odorant/ EOG amplitude response to a sensitive aminoacid (7) . We used L-Arginine as the standard for normalizing EOG responses (8) . Protocols for establishing concentration-response relationship and cross-adaptation followed Huertas et al. (9) To measure displacement of EOG responses to (−)-PMA, its EOG response at 10 -8 M was recorded. Then the olfactory epithelium was perfused with a series of (+)-PMA solutions, ranging from 10 -13 M to 10 -6 M, at increments of one order of magnitude. During the perfusion of each (+)-PMA solution, the EOG response to 10 -8 M (−)-PMA was measured. The displaced response was calculated as the ratio of EOG response to 10 -8 M (−)-PMA before the perfusion of 10 -8 M (−)-PMA over that after the perfusion. Curve fitting and EC50 calculation was performed using the SigmaPlot binding ligand module with a sigmoidal 3-parameter function (10) . A similar assay was conducted using (+)-PMA as the stimulus and (−)-PMA as the adapting solutions.
Chemical Analysis Equipment and Materials
An Agilent 500 MHz spectrometer was used to record 1D and 2D NMR spectra. Mass spectra were measured on a TQ-S TOF LC mass spectrometer (Waters Corporation, Milford, Massachusetts, USA). Silica gel (70-230 and 230-400 mesh, Merck, Darmstadt, Germany), RP-18 reverse-phase silica gel (Merck), and Sephadex LH-20 (Merck) were used for column chromatography. Glass plates pre-coated with GF254 silica gel (Merck) were used for thin layer chromatography (TLC). Spots were first visualized under UV light at 254 nm and then stained by spraying an acidic methanol solution of 5% anisaldehyde (Sigma-Aldrich) and heating on a hot-plate.
Extraction and fractionation of larval sea lamprey-conditioned water
Extraction of water conditioned with larval sea lamprey followed a procedure described in (1). Briefly, 20,000 larval sea lampreys were held in flowing 500 L tanks from April to August each season S4 of S43 (2009) (2010) (2011) (2012) (2013) (2014) . Larvae were given a sand substrate for refuge and fed a yeast mixture on a weekly basis. Tank flows were shut off between approximately 2000-0800h, allowing larval odor to accumulate in the tanks. Larval-conditioned water was passed through vertical columns containing 500 g of methanolactivated Amberlite XAD7HP resin (Sigma-Aldrich, St Louis, MO, USA) using peristaltic pumps (Masterflex 7553-70, Cole Parmer, Vernon Hills, IL, USA). Loading speed was ~300 mL/min. Three columns were loaded for up to 24 h at a time. Each column was then eluted with 4 L of methanol. Eluents were concentrated using a model R-210 roto-evaporator (Buchi Rotavapor, Flawil, Switzerland) and stored in −80 °C freezers. All larval extracts were fully thawed, pooled and mixed before further analyses were conducted. Petromyzonamine disulfate (PADS), a known component of larval extract (11) , was used as a benchmark when calculating the volume of larval extract needed to treat the stream, with PADS at a concentration of 5×10 −14 M ( Table S1a ). The concentration of PADS in the larval extract was determined using high-performance liquid chromatography-tandem mass spectrometry (12) . In all field tests between 2009 and 2014, we used PDAS as the benchmark molecule to normalize different lot of larvae extract used as positive controls.
For fractionation, the methanol was removed under reduced pressure at 40 °C. The total extract (ca. 42 L) contained a large amount of water and was concentrated by lyophilization. The residue (ca. 2.8 g) was suspended in methanol and successively filtered through 2 μm filter paper. The filtrate was concentrated under reduced pressure at 40 °C and yielded 2.0 g of a dark residue, which was chromatographed over silica gel (150 g; gradient elution from 95% CHCl3/MeOH to 100% MeOH, ca. 2.5 L total volume). TLC analysis was used to guide pooling of the eluents into 9 fractions. Fraction 5 (Fig.  1b) , in which olfactory activity was identified by EOG assay, was concentrated to leave a residue (19 mg) that was further purified using Sephadex LH-20. Elution first on a CHCl3-MeOH (1:1) column and then on a MeOH (100%) column, resulted in mixture-330 (4.8 mg).
Chiral UPLC-MS/MS analysis
Baseline separation of the two pairs of enantiomers was achieved with a chiral UPLC-MS/MS method, using an Acquity ultra-performance liquid chromatography system (Waters, Milford, MA, USA) with a Xevo TQ-S tandem quadrupole mass spectrometer (Waters, Manchester, UK) equipped with an atmospheric-pressure chemical ionization (APCI) source. The mixture was separated on a Chiralpak AD-H column (2.1 × 150 mm, 5 μm) at room temperature, eluted with an isocratic mixture of n-hexane:ethanol:formic acid (85:15:0.1, v/v/v) at 0.70 mL/min.
NMR analysis
Samples were prepared in 5-mm standard NMR tubes.
1 H NMR and 
NMR:
The doubling of nearly all signals in its 13 C NMR spectrum suggested that mixture-330 contained two similar, either constitutional isomers or diastereomers. The fact that every one of the doubled pairs showed only a very small difference in chemical shift (each between 0.02 and 0.12 ppm, Supplementary Table 2) was highly suggestive of a closer structural relationship than would be likely for a pair of diastereomers differing in the relative configuration of one or more closely spaced stereogenic centers. These two compounds were eventually determined to have structures PMA and PMB, constitutional isomers that share the same relative configuration. The 1 H NMR spectrum of mixture-330 ( Supplementary Fig. 4 ) showed signals for four oxygenated methines and one methyl group, as well as resonances for multiple aliphatic methylene protons. Table 2 and Supplementary Fig. 7 , respectively) suggested the presence of two hydroxyl groups. The remaining carbon signals were attributable to two aliphatic chains.
MS:

LC-MS:
A molecular formula of C18H34O5 for the entity (or entities) comprising mixture-330 was supported by a HRESIMS negative ion at m/z 329.2332 [M -H] -( Supplementary Fig. 3 ), indicating two degrees of unsaturation.
GC-MS:
Instrument--Samples were analyzed on an Agilent 6890N GC coupled to an Agilent 5973 mass spectrometer. The instrument was operated using Agilent Chemstation software. A CP-Chirasil-DEX CB capillary column was installed in the GC (25 m length × 0.250 mm ID). The inlet temperature was 220 °C, the He carrier flow rate was 1.5 mL/min, the m/z range was 30-600, the run time was 64.625 minutes, and the oven ramp was as follows: 35 °C (hold for 1 minute), then 40 °C/min to 180 °C (hold for 0 minutes), then 0.50 °C/min to 210 °C (hold for 0 minutes). The sample was analyzed with a split ratio of 200:1 with a 1 µL injection.
Derivatization--A sample of the mixture-330 (1 mg, 0.003 mmol) was dissolved in 1 mL of DMF:methanol (9:1 volume:volume) and 10 microliters of a 2.0 M solution of trimethylsilyldiazomethane (0.008 mmol) was added. CAUTION: this reagent has been reported to induce pulmonary edema and users should avoid exposure to its vapors. This mixture was held in a loosely capped vial (N2 evolution) for 30 minutes at room temperature. After reaction, the solution was freeze dried. The residue was then added to 40 microliters of trimethylsilyl trifluoroacetate (TMSTFA): acetonitrile (1:1). The sample was incubated at 37 °C for 2 h and the volatiles were removed under a stream of nitrogen. The residue was redissolved in 50 microliters of hexanes and l μL was injected into the gas chromatography (GC) instrument. The same procedure was also performed on individual samples of synthetic (+)-PMA, (-)-PMA, (+)-PMB, and (-)-PMB.
Data Analysis--The GC/MS analysis of the methyl ester, bis-trimethylsilyl ether derivatives (MeTMS2) of the mixture-330 is shown in Supplementary Fig. 9 . Two partially resolved peaks (black chromatogram in Supplementary Fig. 9a ) with retention times of 45.4 and 45.7 min were observed in the gas chromatogram. The electron ionization (EI) mass spectra for each of these components are shown in Supplementary Fig. 9b and 9c, respectively. These contain major fragment ions at m/z 173 ( Supplementary Fig. 9b ) and 229 ( Supplementary Fig. 9c ), respectively, which are consistent with the presence of derivatized hydroxyl moieties at positions C-13 and C-9 in the 45.4 and 45.7 min peaks in the chromatogram, indicating the constitution of PMA and PMB, respectively (Supplementary Fig. 9d ). The mass spectra for the MeTMS2 derivatives of PMA and PMB were very similar to published spectra of MeTMS2 derivatives of tetrahydro-3-hydroxy-5-[1-hydroxyhexyl]-2-furanoctanoic acid and 9-hydroxy-9-[tetrahydro-4-hydroxy-5-pentyl-2-furanyl]nonanoic acid, respectively.(13) Although the relative configuration of these literature compounds were not established, they, at the very least, have the same constitution as those of PMA and PMB.
Taking all of the experimental evidence together and comparing the 1 H, 13 C-NMR, and GC-MS data (6, 13, 14) with those reported for related compounds (6) , including one with the same constitution but undefined configuration (14), we identified mixture-330 to contain both tetrahydro-3-hydroxy-5-[1-hydroxyhexyl]-2-furanoctanoic acid (PMA) and 9-hydroxy-9-[(2R,4S,5S)-tetrahydro-4-hydroxy-5-pentyl-2-furanyl]nonanoic acid (PMB) (Supplementary Fig. 10 ).
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The relative configuration in each of PMA and PMB was deciphered using NOESY correlations ( Supplementary Figs. 11 and 12 ) and coupling constants as well as through comparisons of the NMR data with those from known dihydroxylated THF compounds of the same relative configuration (6, 15, 16) . NOESY correlations between H-9/H-10, H-9/H-11a, H-10/H-11a, H-13/H-11a, and H-12/H-11b placed protons H-9, H-10, and H-11a in PMA and H-11a, H-12, and H-13 in PMB on the same face of the tetrahydrofuran ring. NOEs between H-12/H-11b in PMA and between H-10/H11b in PMB indicated that each of those pairs also reside on the same side of the tetrahydrofuran rings in PMA and PMB, respectively. Meanwhile, PMA and PMB displayed a high degree of similarity with analogues possessing H-9/H-12 and H10/H-13 trans relationships, respectively, and showed significant differences with isomeric cis analogues in the chemical shifts for the oxygen-bearing methine protons and carbons in the 1 H and 13 C NMR spectra (15, 16) . These comparative NMR data were consistent with those deduced from NOESY correlations. Based on these analyses, the relative configurations of both of the compounds PMA and PMB were assigned as 9R*,10R*,12S*,13S* (Fig. 2 in the manuscript) .
The nesting within the Chemical Abstracts systematic names for these compounds [i.e., (2S,3S,5R)-tetrahydro-3-hydroxy-5-[(1R)-1-hydroxyhexyl]-2-furanoctanoic acid (PMA) and (R)-9-hydroxy-9-[(2R,4S,5S)-tetrahydro-4-hydroxy-5-pentyl-2-furanyl]nonanoic acid (PMB)] leads to a cumbersome carbon skeleton numbering. Hence, we have used fatty acid skeleton numbering on all structures to allow for easier discernment of the positions.
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III. Stereochemical aspects of conversion of diepoxides like 2-syn and 2-anti to PMA and PMB.
The constitutions of each of PMA and PMB contain four, oxygen-bearing, stereogenic centers and no symmetry elements. Accordingly, each can exist as any one of 16 (or 2 4 ) stereoisomers (8 diastereomeric, pairs of enantiomers). These are indicated in Chart 1 as S1-S8 and ent-S1-ent-S8 for PMA (left, red, distal) and S9-S16 and ent-S9-ent-S16 for PMB (right, blue, proximal). Each of the eight diastereomers can be uniquely portrayed by three descriptors that indicate the relative stereochemical configuration between i) each of the two vicinal pairs of oxygenated carbons at C-9/C-10 and C-12/C-13 as erythro (e) or threo (t) and ii) the carbon-chain substituents at the 2-and 5-positions of the tetrahydrofuran (THF) ring as cis or trans. Chart 1. All possible stereoisomers for the constitutions of PMA (left, red) and PMB (right, blue).
A very reasonable assumption is/was that the diepoxide precursor involved in the biosynthesis of PMA and PMB has an erythro relationship in each of its two oxirane ring (i.e., each bears a pair of cis-oriented S8 of S43 substituents), since it arises, almost assuredly, by consecutive, stereospecific epoxidation of the two cis(or Z-)-alkenes in linoleic acid. Accordingly, to keep the discussion here more manageable, we will only consider diepoxides in which both epoxide rings are 1,2-cis-disubstitued. Ring-opening of a cis(or erythro)-epoxide with a nucleophile like water (or an alcohol) occurs with inversion of configuration of one of the two stereocenters, converting the erythro into a threo relationship. [The simplest example of this is the conversion of the erythro relationship in the meso-epoxide (2R,3S)-1,2-dimethyloxirane to the threo (2R,3R)-and (2S,3S)-2,3-butanediols (Chart 2a).] This consideration meant that it was highly likely that PMA and PMB each bore either a threo-cis-threo or threo-trans-threo relative configuration-that is, they would be one of S1, S4, ent-S1, or ent-S4 for PMA or S9, S12, ent-S9, or ent-S12 for PMB.
It is important to recognize that, independent of stereochemical issues, the second step (Chart 2b) of the two-stage hydrolytic ring-opening and intramolecular cyclization of the diepoxide S17 to produce the THF-diol S19 can occur via either an exocyclic (red arrows) or endocyclic (blue arrows) mode of attack of the epoxide by a hydroxyl group in the intermediate epoxy-diol S18.
The stereochemical outcomes associated with this two-stage process starting from a diepoxide like S17, wherein both of the terminal substituents are identical (e.g., both a methyl group in the case of S17), add additional considerations (Chart 2c). The stereoisomer labeled S17-syn is an achiral, meso compound. Hydrolytic opening can give rise to two diastereomeric pairs of enantiomers, depending upon whether the external water molecule attacks at carbon C2, C3, C5, or C6. The diastereomeric anti isomer of the diepoxide is chiral and exists as one of two enantiomers-S17-anti or ent-S17-anti. Again, hydrolytic opening can occur at any of the four epoxide carbons but these now give rise to the same four stereoisomeric epoxy-diols S18 as arise from S17-syn. It is important to recognize that any of these isomers can arise from either the syn-or the anti-diepoxide S17-syn or S17-anti.
Further conversion of each of the four epoxy-diols S18 into the four stereoisomeric THF-diols of S19 is shown in Chart 2d. Each isomer of monoepoxide S18 can give either of two diastereomeric THF-diols, which differ in the cis-vs. trans-relationship of the carbon substituents at positions 2 and 5 of the newly formed THF ring depending on whether the exo-or endo-mode of attack on the epoxide ring occurs. Note that isomers S18-syn and S18-anti give rise (as do ent-S18-syn and ent-S18-anti) to the same two THFdiols-namely, S19-cis and S19-trans (or ent-S19-cis and ent-S19-trans).
One final level of structural complexity is introduced when the starting diepoxide contains an inequivalent pair of terminal substituents. These now unsymmetrical diepoxides exist as four stereoisomers, shown as S20 in Chart 2e. When R 1 is -(CH2)7CO2H and R 2 is n-pentyl, these are the four stereoisomers corresponding to the presumed biosynthetic precursors of PMA and PMB-namely, 2-syn and 2-anti in the manuscript. Shown in the gray box in Chart 2e are the four possible modes of initial hydrolytic ring opening for, arbitrarily, the syn-diepoxide (R,S,R,S)-S20, which leads to the four epoxy-diols S21. Each of these can internally cyclize in either the endo or exo mode to give two different THF-diol products. These are now constitutional isomers of one another, given the inequivalent nature of R 1 and R 2 . In total, the four isomers of the epoxy-diols S21 give rise to six isomeric THF-diols (notice that two pairs are the same). Each of the other three stereoisomers of diepoxides S20 leads to another set of six THF-diols (not shown). Again, degeneracies arise. All told eight unique, isomeric THF-diols result from the cis-cisdiepoxides S20. These correspond to the eight structures in Chart 1 having a "threo-(cis or trans)-threo" relationship, four of the PMA-like (distal) constitution and four PMB-like (proximal).
The biosynthesis of each enantiomer of each of PMA and PMB can arise by more than one pathway. For example and as detailed in Chart 2e, the single stereoisomeric diepoxide (R,S,R,S)-S20, which could arise by enantioselective epoxidation of linoleic acid, can lead to all four of (+)-PMA, (-)-PMA, (+)-PMB, and (-)-PMB. The fact that no 2,5-cis-disubstituted THF analogs of PMA or PMB were isolated from the lamprey larval extracts strongly suggests that there be selectivity, most likely via enzymatic intervention, in the final cyclization step to form only the trans-THF-diols (and perhaps as well in the initial hydrolytic opening of the diepoxide).
IV. Synthesis of (-)-PMA, (-)-PMB, (+)-PMA, and (+)-PMB.
Synthesis of the bis-(S)-mandelate esters 6-dist', 6-prox', 6-dist, and 6-prox from a mixture of (±)-4-dist and (±)-4-prox.
N,N'-Dicyclohexylcarbodiimide (DCC, 18.7 g, 90.7 mmol, CAUTION: this reagent is a sensitizer and direct contact with the solid or exposure to airborne particulates can result in a significant, systemic response; it should be handled in a fume hood) was dissolved in dichloromethane (160 mL) and placed under a nitrogen atmosphere at 0 °C. O-Methyl-L-mandelic acid (15.9 g, 95.7 mmol) was added. After several minutes the mixture of diols(17) (±)-4-dist and (±)-4-prox (13.8 g, 40.1 mmol) and, finally, 4-dimethylaminopyridine (11.7 g, 95.7 mmol) were added. The reaction mixture was stirred at 0 °C for 30 minutes, allowed to warm to ambient temperature, and stirred for an additional two hours. TLC analysis indicated complete consumption of starting diols and intermediate mono-ols. Acetic acid (4.0 mL, 69.6 mmol) and methanol (2.9 mL, 71.2 mmol) were added, and the mixture was stirred for 20 minutes. The resulting slurry was filtered to remove N,N'-dicyclohexylurea, and the solids were washed with methyl tbutyl ether (MTBE, 3×100 mL). The filtrate and washes were concentrated to dryness under vacuum to give the crude product mixture as a pale yellow oil (31.2 g). This oil was slurried in 75:25 hexanes:MTBE (600 mL) for ca. 1 hour, and, again, a solid precipitate of additional N,N'-dicyclohexylurea was removed by filtration. The solid was washed with 75:25 hexanes:MTBE (ca. 3×420 mL). This filtrate and washes were concentrated to dryness under vacuum to give a pale yellow oil (30.0 g). This material was dissolved in 75: 
General procedure for the methanolysis of each bis-mandelate ester 6 to provide each of the methyl ester diols 4.
The bis-mandelate ester 6 (3.3-6.4 g) was dissolved in anhydrous methanol (1:10, weight:volume) and sodium methoxide (0.5-0.7 equiv) was added. The resulting solution was warmed at 50 °C for 4 hours, at which time TLC analysis (1:1, hexanes:EtOAc) indicated complete consumption of the bis-and monomandelate esters. The mixture was allowed to cool and then partitioned into MTBE (200 mL) and 5% aq. NaCl (100 mL). The aqueous layer was extracted with fresh MTBE (100 mL), and the combined organic layers were washed with 25% aq. NaCl, dried (MgSO4), filtered, and concentrated. The resulting residue was chromatographed on silica gel (1:1, hexanes:EtOAc elution) to provide each methyl ester diol 4 as a solid. This solid was triturated in 19:1 hexanes:MTBA, filtered, and dried to leave the white solid from which the characterization data below were obtained.
(-)-4-dist [(-)-PMA methyl ester] from 6-dist'.
Ester diol (-)-4-dist (1.67 g) was obtained starting from 6-dist' (3.56 g): 87% yield. [α]D 26 = -17.5° (c = 0.5% in MeOH).
(-)-4-prox [(-)-PMB methyl ester] from 6-prox'.
Ester diol (-)-4-prox (2.61 g) was obtained starting from 6-prox' (6.38 g): 76% yield. [α]D 26 = +19.2° (c = 0.5% in MeOH).
(+)-4-prox [(+)-PMB methyl ester] from 6-prox.
Ester diol (+)-4-dist (1.95 g) was obtained starting from 6-dist (5.30 g): 69% yield. [α]D 26 = +21.1° (c = 0.5% in MeOH).
General Procedure for saponification of each of the four methyl esters 4 to give the acids (+)-PMA, (-)-PMA, (+)-PMB, and (-)-PMB.
Each methyl ester diol 4 was dissolved in isopropanol and 4N aqueous sodium hydroxide was added. The amounts for each of the four experiments are given below. This homogeneous mixture was warmed to 70 °C and stirred for 2 hours, at which time TLC analysis indicated complete disappearance of the starting ester. The reaction mixture was cooled and partitioned into ethyl acetate (200 mL), 25% aqueous NaCl (120 mL), and aqueous NaHSO4 (1M, 30 mL). The aqueous layer was further extracted with fresh EtOAc (100 mL). The combined organic layers were dried (MgSO4), filtered, concentrated, and dried under high vacuum (0.7 torr) at 45 °C to leave the initial product as a white solid. This solid was dissolved in MTBE and stirred with activated carbon and powdered Magnesol ® (ca. 3 wt% each) for one hour. This suspension was filtered through a mixed bed of Celite 545 ® and Super Cel ® , and the filtrate was concentrated by rotary evaporation to a final crystallization volume. This suspension of 4 in MTBE was warmed to 50 °C to provide a homogeneous solution that, upon being slowly cooled to -20 °C, produced white crystals that were cold-filtered, washed with a small portion of cold MTBE, and dried overnight at 55 °C in a vacuum oven.
Synthesis of (-)-PMA from (-)-4-dist.
Methyl ester diol (-)-4-dist (1.47 g) in 22 mL of isopropanol and 3.7 mL of 4N NaOH/water gave the initial sample of (-)-PMA (1.06 g, 75.7%), which was recrystallized to provide purified (-)-PMA (0.716 g, 50.8%) as a white crystalline solid. The final "crystallization volume" of MTBE was 22 mL.
H-2), 2.02 (dd, J = 13.4, 6.7 Hz, 1H, H-11b), 1.88 (ddd, J = 13.5, 9.1, 4.6 Hz, 1H, H-11a), 1.65 (tt, J = 7,5, 7.5 Hz, 2H, H-3), 1.69-1.22 (m, 18H), and 0.89 (t, J = 6.9 Hz, 3H, H-18) (hydroxyl protons not observed, presumably because rapid exchange of CO2H and ROH leads to an extremely broadened signal). 13 
Synthesis of (+)-PMA from (+)-4-dist.
Methyl ester diol (+)-4-dist (1.33 g) in 20 mL of isopropanol and 3.4 mL of 4N NaOH/water gave the initial sample of (+)-PMA (0.930 g, 73.8%), which was recrystallized to provide purified (+)-PMA (0.696 g, 55.2%) as a white crystalline solid. The final "crystallization volume" of MTBE was 19 mL.
V. Single crystal X-ray structure determination of triol PMA-OH.
The relative configuration (as well as constitution) of PMA was further confirmed through an X-ray diffraction analysis. None of the samples of enantiopure acid diols 4 gave rise to crystals suitable for single-crystal X-ray diffraction analysis. However, PMA-OH, derived from LiAlH4 reduction of (+)-4-dist [i.e., the methyl ester of (+)-PMA] formed such crystals.
Specifically, (+)-4-dist (134 mg, 0.389 mmol) was dissolved in anhydrous THF (10 mL), and a solution of LiAlH4 in THF (2.0 mL of a 1N solution) was added. The mixture was stirred overnight at ambient temperature. The following were added sequentially with constant stirring: water (0.1 mL), 4N aqueous NaOH (0.3 mL), and water (0.2 mL). The mixture was filtered through a pad of Celite 545 ® and the pad was washed with fresh THF (5 × 5 mL). The filtrate and washings were concentrated to dryness and the residue was slurried with EtOAc (3 × 25 mL) and refiltered to remove traces of aluminum salts. This ethyl acetate solution was concentrated to dryness to provide triol PMA-OH (119 mg, mmol, 97.5%). This was crystallized by dissolution in anhydrous acetonitrile (3.0 mL) at ca 50 °C, and the solution was allowed to cool slowly to 20°. After standing at RT for several days, white crystals were present (m.p. 85.7-86.5°C at 2°/min from 50°), one of which was used for the diffraction analysis. Table 3 ) were collected at room temperature from a singlecrystal mounted atop a glass fiber with cyanoacrylate glue on a Bruker SMART APEX II diffractometer using graphite-monochromated Mo-Kα (λ = 0.71073 Å) radiation. The structure was solved by employing SHELXT intrinsic phasing methods and refined by full-matrix least squares on F2, using the APEX2 v2014.9-0 software package. All non-H atoms were refined with independent anisotropic displacement parameters. Hydrogen atoms were placed at calculated positions and refined using a riding model, except for the O−H hydrogens, which were located from the Fourier difference density maps and refined using a riding model with O−H distance restraints. Crystallographic data have been deposited at the Cambridge Crystallographic Data Centre (deposition number: CCDC 1409145 and are available via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge, CB2 1EZ, UK; fax: +44 1223 336033; e-mail:deposit@ccdc.cam.ac.uk). The structure (Supplementary Fig. 13) shows the relative configuration of the four stereogenic centers (C9, C10, C12, and C13) to be R*,R*,S*,S*, which is consistent with the spatial relationships deduced from the NOESY analyses, further confirming the relative configuration deduced from NMR analyses. In the absence of a heavy atom, it proved not possible to deduce the absolute configuration of this sample, which would have further confirmed the assignment made on the basis of the Mosher ester analysis described next.
X-ray diffraction data (Supplementary
PMA-OH
1 H NMR (MeOD, 500 MHz): δ 4.18 (ddd, J = 4.3, 2.9, 1.0 Hz, 1H, H-10), 4.05 (ddd, J = 9.4, 6.6, 5.0 Hz, 1H, H-12), 3.77 (ddd, J = 6.9, 6.9, 2.9 Hz, 1H, H-9), 3.54 (t, J = 6.7 Hz, 2H, H-1), 3.37 (ddd, J = 10.5, 6.2, 5.1 Hz, 1H, H-13), 1.97 (ddd, J = 13.8, 9.5, 4.6 Hz, 1H, H-11b), 1.90 (ddd, J = 13.2, 6.7, 1.2 Hz, 1H, H-11a), 1.63-1.22 (m, 20H), and 0.92 (t, J = 7.0 Hz, 3H, H-18). 13 
VI. Mosher ester analysis of (-)-PMA and of (-)-PMB.
The absolute configuration of each stereoisomer was established using advanced (18) Mosher ester methodology (19) . Treatment of (-) Table 4 ) showed positive chemical shift differences for H-2, H-9, H-10, and H-11 and negative chemical shift differences for H-13 and H-18, indicating that the configuration at C-12 was R.
VII. Plausible biosynthetic pathway
A search of the Reaxys database indicates that there are eight known examples of natural products containing the THF-diol subunit 1 (Supplementary Fig. 15 ), having the same constitution as that among carbons C8-C14 of PMA and PMB. The relative configuration of each of the vicinal pairs of oxygenated carbons is nearly always threo (or like), meaning that both adjacent stereocenters are of R-or both of Sconfiguration. This is consistent with the precursor being a cis-substituted epoxide, derived from epoxidase action on a Z-alkene, and having an erythro (or unlike-i.e., one R-and one S-configuration) relative configuration. Opening of such an epoxide by an oxygen nucleophile (external water or an internal hydroxyl group) is a stereospecific process that will necessarily invert the configuration of one (and only one) of the two epoxide carbons, converting the initial vicinal erythro to a threo relationship in the product.
The most logical penultimate biosynthetic intermediate enroute to PMA and PMB is one or both of the skipped diepoxides 2-syn and 2-anti (Supplementary Fig. 15a ). Only two reports of a natural product containing such a skipped diepoxide have appeared in the literature (20, 21) . This is consistent with their known sensitivity toward hydrolytic ring-opening and cyclization to THFs like 1 through either chemical (16, 17, 22) or enzymatic (epoxide hydrolase (23, 24) ) catalysis. We synthesized the known (16) methyl S18 of S43 esters of racemic petromyric acids A and B-namely (±)-4-dist and (±)-4-prox-as well as the 2,5-cissubstituted analogs (±)-5-dist and (±)-5-prox from the diepoxides (±)-3-syn and (±)-3-anti. (The terms "dist" and "prox" refer to the relationship, distal vs. proximal, of the acyclic hydroxyl group to the carboxylic acid ester head group; PMA-like constitutions are dist and PMB-like, prox.) The mixture of trans-isomers (±)-4-dist and (±)-4-prox coeluted on silica gel but were separable from the coeluting pair of cis-isomers (±)-5-dist and (±)-5-prox. The stereochemical intricacies of the sequence of bimolecular hydrolysis followed by intramolecular ring opening, converting 2 in the biosynthesis or 3 in the chemical synthesis to the various constitutional isomers and stereoisomers containing the subunit 1 are complex, as have been described elsewhere (23, 24) .
In order to obtain synthetic samples of each pure enantiomer of PMA and PMB, the diols in the mixture of (±)-4-dist and (±)-4-prox were exhaustively derivatized with (S)-O-methylmandelic acid (DCC, DMAP) to produce a mixture of the four diastereomeric bis-mandelate esters 6 (Supplementary Fig.  S15b ). These were resolvable by careful column chromatography on silica gel. Each was then independently treated with methanol and sodium methoxide to remove the mandelate moieties and, finally, the methyl ester in each was saponified (NaOH, H2O, i-PrOH) to produce discreet synthetic samples of (+)-PMA, (-)-PMA, (+)-PMB, and (-) -PMB. The identity of each was confirmed by analyzing the mass spectrometric fragmentation patterns of the methyl ester bis-TMS ether derivatives of each. In addition, a portion of (+)-PMA was reduced with LiAlH4 to a crystalline triol PMA-OH and this material was subjected to single crystal X-ray diffraction analysis, which unambiguously confirmed both the constitution (i.e., oxygenation pattern) as well as the relative configuration of the A-like compounds. Each of (-)-PMA and (-)-PMB was then subjected to Mosher ester analysis. Mono-Mosher ester formation occurred more rapidly at the endocyclic hydroxyl [i.e., the C10-OH in (-)-PMA and the C12-OH in (-)-PMB]; the (R)-and (S)-mono-MTPA esters were purified and analyzed by 1 H NMR spectroscopy, from which the absolute configuration of each of the negative and, by direct inference, the positive antipodes was deduced to be that indicated in the structures shown in Fig. 2 . Figure S4 .
1 H NMR spectrum of mixture-330 (data tabulated in SI Table S2 ). Figure S5 . 13 C NMR spectrum of mixture-330 (data tabulated in SI Table S2).   0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190 f1 ( (17), racemic methyl esters (±)-4-dist and (±)-4-prox was converted to the four bis-O-methylmandelate esters 6, which were chromatographically separable. Each individual resulting isomer was subjected to sequential methyl ester exchange (to remove the mandelates) and saponification (of the terminal methyl ester) to arrive at pure samples of each enantiomer of PMA and PMB. The negative [(-)] antipode of each of PMA and PMB was subjected to Mosher ester analysis, from which the absolute configuration of each was deduced. Separately, (+)-PMA was reduced to the crystalline triol PMA-OH, which was used for X-ray diffraction analysis.
• Supplementary Tables   Table S1 . Table S4 . 1 H NMR spectroscopic data of the (S)-and the (R)-mono-Mosher esters of (-)-PMA and (-)-PMB in CDCl3. (26) . The concentrations of PADS and PZS were determined by established method (12) Table 6 ). The dwell time established for each transition was 200 ms and the inter-scan delay was set at 20 ms. Data were acquired using MassLynx 4.1 software (Waters Corp.). 
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